We studied the predatory efficiency and preference of Neoseiulus californicus to Tetranychus urticae and Eotetranychus lewisi on strawberry. The results indicated that N. californicus preferred to consume E. lewisi and cause more mean per cent reduction (90.00-96.66) compared to T. urticae (60.00-80.00). Although N. californicus appeared to prefer E. lewisi, its efficiency in feeding upon T. urticae makes it a useful natural enemy in an IPM programme for the control of T. urticae and E. lewisi on strawberry.
STRAWBERRY belongs to family Rosaceae and is cultivated worldwide for its fruit. It is found to be infested with tetranychid mite species. The two-spotted spider mite (TSSM), Tetranychus urticae Koch (Acari: Tetranychidae), is one of the most harmful tetranychid mite pests of strawberry and can cause significant reduction in crop yield 1 . The leaves have a speckled look in the early stages of infestation. As the plants become heavily infested, leaves turns yellow and are finally shed. 2 At present, Eotetranychus lewisi (McGregor) is emerging as another major pest on strawberry in southern California, USA, and has caused significant damage, particularly to organic fields. Pest control advisors (PCAs) along California's central coast had observed infestation of E. lewisi on strawberries, but their populations remained low compared to the key mite pest, i.e. TSSM [3] [4] [5] [6] . However, at present, the population of E. lewisi has increased along with TSSM.
The damage symptoms caused by both mite pests are quite similar on strawberry. The recent E. lewisi outbreaks have caused significant damage to the fruit, particularly organic production, thereby becoming a key pest of commercially grown strawberries. Control of mites is through pesticides, but in some cases pesticide sprays worsen the problem, because they negatively affect natural enemies 7 . A friendly way to control mites is biological control. Among several natural enemies, phytoseiid mites are the most important biological control agents 8 . The phytoseiid species, Phytoseiulus persimilis AthiasHenriot proved to be effective for the control of TSSM, but was not effective against E. lewisi. However, it has been suggested that another phytoseiid, Neoseiulus californicus McGregor might provide control against both species. The present study was planned to explore the predatory potential and preference of the predaceous mite, N. californicus against T. urticae and E. lewisi, when both the mite pest species are simultaneously feeding on strawberry.
The populations of T. urticae and E. lewisi used for experiments were collected from the culture maintained in the laboratory of Department of Entomology, University of California, Davis, USA. The leaves of strawberry used for all experiments were collected from fields where no chemicals were used. These leaves were dipped in water containing detergent and then washed several times with clean water. Castor beans were grown in the laboratory. For conduct of all the experiments, leaves were kept on water-saturated filter paper (Whatman TM -90 mm) in Petri dishes. The leaves were replaced whenever needed to provide sufficient food to prey mite species. The research experiments were conducted in the laboratory from August to November in a biological oxygen demand (BOD) incubator. The temperatures were maintained in three different BOD incubators at 15°C, 20°C and 25°C.
The preference of N. californicus was evaluated on active stages of T. urticae and E. lewisi. Active stages of T. urticae and E. lewisi (five nymphs and five adults) were released onto a leaf at three temperatures (15°C, 20°C and 25°C). Five adults of N. californicus were released onto the leaf under stereozoom microscope. Before introduction, the predatory mites were starved for 24 h. Petri dishes containing prey and predator were kept in incubators at 15°C, 20°C and 25°C. The number of nymphs and adults of T. urticae and E. lewisi killed by N. californicus was recorded after 24, 48 and 72 h. Three replications were made with a control that was maintained without predators.
To evaluate the consumption of active stages (nymphs and adults) by predatory mite, 20 active stages (10 nymphs and 10 adults) of T. urticae and E. lewisi were released onto a clean detached strawberry leaf, separately. Twenty gravid females of both the pests were released separately on the strawberry leaf. Females were removed after 48 h on getting maximum number of eggs of T. urticae and E. lewisi. The predatory mites used were starved for 24 h and five adults were released onto the leaf under stereozoom microscope. Observations on consumption of eggs and active stages of T. urticae and E. lewisi were recorded after 24, 48 and 72 h of release of predatory mites. The experiment was replicated thrice.
The mean per cent mortality of T. urticae and E. lewisi was calculated. Two-way analysis of variance (ANOVA) on arc-sine transformed data was conducted to evaluate the comparative preference of predatory, N. californicus against T. urticae and E. lewisi. Data analysis indicated that N. californicus was a good predator for the management of both the mite pest species. However, it preferred E. lewisi in comparison to T. urticae at all the temperatures on the same leaf of strawberry. Maximum mortality of T. urticae and E. lewisi by N. californicus was recorded at the lowest temperature (15°C) compared to 20°C and 25°C (Table 1) . It decreased their numbers compared to the control (15°C and 25°C -0.0% mortality, 20°C -1% mortality). Mortality of both mites in the control treatments was minimal. The data were subjected to two-way ANOVA soon after transforming data into arc-sine values. It was observed that there was no significant difference between temperatures. The F ratio, degree of freedom and P-value (0.05) were calculated for all the temperatures at 24 h (F = 1.57; d.f. = 2; P > 0.2473), 48 h (F = 0.33; d.f. = 2; P > 0.723) and 72 h (F = 3.21; d.f. = 2; P > 0.0763), and for temperature and species interaction at 24 h (F = 0.82; d.f. = 2; P > 0.4635), 48 h (F = 0.15; d.f. = 2; P > 0.8554) and 72 h (F = 0.05; d.f. = 2; P > 0.9469). Since temperatures was found to be insignificant at all time-periods, so data were compiled for more number of replications. After analysis, it was found that there was significant difference between two species at 48 h (F = 2.36; d.f. = 1; P > 0.0043) and 72 h (F = 19.82; d.f. = 1; P > 0.0008), but not at 24 h (F = 1.27; d.f. = 1; P > 0.2813). This may be due to the less hunger of predator when we introduced it into the leaf with prey. After 48 h and 72 h introduction of predator, the preference for both mite species was statistically different. The predator consumed more E. lewisi in comparison to T. urticae at all temperatures. The study indicated that N. californicus showed a high predation rate on active stages of E. lewisi compared to T. urticae.
Temperature was found to be insignificant at all timeperiods (at 24 h (F = 2.27; d.f. = 2; P > 0.1458), 48 h (F = 1.38; d.f. = 2; P > 0.2875) and 72 h (F = 2.62; d.f. = 2; P > 0.1137)), and for temperature and species interaction (24 h (F = 2.61; d.f. = 2; P > 0.1141), 48 h (F = 0.77; d.f. = 2; P > 0.4824) and 72 h (F = 0.16; d.f. = 2; P > 0.8517)). Again, data were complied to obtain more replications because there was no significant difference in temperature, and temperature and species interaction. However, the species were found to be significantly different at all time-periods; at 24 h (F = 79.72; d.f. = 1; P > 0.0001), 48 h (F = 226.33; d.f. = 1; P > 0.0001) and 72 h (F = 192.15; d.f. = 1; P > 0.0001). The predation rates of N. californicus were found to be significantly higher when E. lewisi was offered without T. urticae (Table 2 ), or together with T. urticae ( Table 1) .
The data were converted to mean per cent mortality for comparison of preference of N. californicus for nymphs and adults of both species on the same and different leaves of strawberry. The calculated per cent mortality indicated that the predator consumed both nymphs and adults, but its preference was more for nymphs compared to adults (Figures 1 and 2 ). Favourable temperature for consumption was found to be the lowest temperature (15°C), because of less mobility of both the prey mite species at that temperature compared to 20°C and 25°C.
N. californicus lowered the number of T. urticae and E. lewisi eggs at all temperatures. After 72 h of introduction of predatory mite, the per cent mortality of eggs of both the mites was found to be maximum at 25°C followed by 20°C and 15°C. It was found that there was statistical difference in mortality of eggs of both the mite species at 48 h (F = Table 3) .
The objective of the present study was to estimate the consumption rate and preference of N. californicus when both the prey mites were simultaneously present. The results indicate that the predation rate of N. californicus was significantly greater on E. lewisi than T. urticae. The predatory preference of N. californicus was again more for E. lewisi, even in the presence of T. urticae on the same strawberry leaf. This variation in preference with respect to prey mite species may be due to the bigger size and greater mobility of T. urticae compared to E. lewisi. The predation rate was found to decrease as the prey size increased. This observation is also supported by Holling 9 . The present study also proved that the predator needs more time for handling larger prey compared to smaller ones. The results of El-Badry et al. 10 are also consistent with the present study. They found that preference of Amblyseius gossipi El-brady was more to Eutetranychus orientalis compared to Tetranychus cinnabarinus Boisduval due to slow movement of the former prey mite species 10 . The prey preference of any predator is directly related to the presence of preferred prey, when more than one prey is present. The predation rate is directly proportional to prey size, and the predators choose larger preys, because they provide more nutrition 11 . In contrast, studies on prey-predator dynamics have proved that the predation rate declines with increase in prey size due to better ability of the prey to defend against its predator 12, 13 . Fraulo and Liburd 14 showed that the population of T. urticae was suppressed on release of N. californicus at a ratio of 1 (prey) : 10 (predator). The predatory mite, N. californicus reduced the population of T. urticae in the treated plants compared to untreated plants. It effectively maintained TSSM populations below damaging levels (<70 T. urticae per trifoliate) and more cost-efficiently in early release treatments of lower TSSM densities 14 . McMurty and Croft also observed that N. californicus was able to maintain TSSM populations at a low number 8 . N. californicus showed slower metabolism and searching efficiency in comparison to other phytoseiids, but it could survive without food 15 . Shorter development time and more per cent consumption of prey by N. californicus, makes it a potential natural enemy to control TSSM populations 16 . In Europe, T. urticae and Phytonemus pallidus (Banks) have been reported to be the major pests of strawberry. Various experiments were conducted to determine the predatory potential of phytoseiid mites, viz. Neoseiulus cucumeris (Oudemans), N. californicus, Anthoseius rhenanus (Oudemans) and Euseius finlandicus Oudemans. The results showed that N. californicus and N. cucumeris effectively controlled both the mite pests 17 . Researchers have also carried out experiments to find the best biological control agent. They suggested that the predatory potential of N. californicus was found to be more compared to Phytoseiulus persimilis Athias-Henriot against T. urticae on rose 18 . The studies conducted in India also suggested that adult females of N. longispinosus consumed more prey mite compared to immature stages 19 . Hassan 20 reported that release of P. persimilis resulted in highest reduction of mobile stages of T. urticae and lowest reduction of eggs, but N. californicus seemed to prefer eggs of T. urticae than mobile stages compared to P. persimilis. Jayasinghe and Mallik 21 also showed that N. longispinosus preferred eggs of T. urticae compared to other stages on tomato 21 . In Egypt, studies were conducted to test the efficacy of two predatory mite species, i.e. Amblyseius swirskii Athias-Henriot and N. californicus against the tetranychid mite, Tetranychus cucurbitacearum (Sayed) on eggplant under field condition 22 . The high mortality of tetranychid population was observed with N. californicus compared to A. swirskii. Therefore, release of N. californicus can be a successful management strategy for T. cucurbitacearum on eggplant.
In conclusion, the predatory mite, N. californicus showed feeding preference to E. lewisi compared to T. urticae. Thus, it can be part of the integrated mite management programme as a biocontrol agent for the management of mites on strawberry.
